Increased tyrosine phosphorylation and novel cis-acting element mediate activation of the fibroblast growth factor-2 (FGF-2) gene by nicotinic acetylcholine receptor. New mechanism for trans-synaptic regulation of cellular development and plasticity.
FGF-2, a mitogenic/neurotrophic protein, controls the development and plasticity of many types of neural cells. In neural crest-derived adrenal pheochromatocytes, induction of FGF-2 coincides with the establishment of functional innervation and is reproduced in vitro by stimulating acetylcholine receptors (AChR). The mechanisms by which AChR activate the FGF-2 gene were examined in cultured bovine adrenal medullary chromaffin (BAMC) cells in which AChR induce expression and nuclear accumulation of growth-promoting FGF-2 and FGF-2 receptors. Carbachol or nicotine increased expression of transfected FGF-2 gene promoter-luciferase constructs and were more potent than the muscarinic agonist ABMCB. Deletion analysis has identified a unique -555/-512 bp element that confers AChR stimulation and basal activity to the downstream FGF-2 promoter, and a separate protein kinase C/cAMP-responsive sequence (-625/-555 bp). Stimulation of AChR increased in vitro formation of protein complexes with the AChR-responsive element which were not displaced by target oligonucleotides for common trans-activators. Southwestern analysis identified 50-55, 125, 140 and 170 kDa proteins that interact with the AChR-responsive element in a manner stimulated by AChR. Nicotine increased tyrosine phosphorylation of cytoplasmic and nuclear proteins, including 50-55 kDa promoter-binding factors. Activation of the FGF-2 promoter was reduced by genistein. Thus, nicotinic AChR activate the FGF-2 gene via a new signaling mechanism separate from the cAMP/PKC pathways. It utilizes tyrosine phosphorylation and interaction of trans-activating factors with a novel cis-acting element. It offers a new pathway through which trans-synaptic signals may control neural development and plasticity.